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1.0 INTRODUCTION

This report presents an analysis of the S-II and S-IVB malfunctions
for the AS-503 C' mission. This analysis is intended to supple-
ment Reference 1 by giving C' EDS results for malfunction cases
where results are different. Differences between the "D" and "C'"
mission EDS results will be analyzed by considering vehicle differ-
ences.

The significant upper stage baseline vehicle change from AS-503
"D" mission to AS-503 "C'" mission is the C' spacecraft is 7300
pounds lighter. This has three effects on the vehicle character-
istics:

a) Total mass is decreased. This increases performance and
acceleration.

b) Center of gravity is shifted aft approximately 0.2 meters
at 400 seconds of flight time.

¢) The moment of inertia is decreased by approximately 0.7%
at 400 seconds of flight time.

The effects of "b" and "c" increase the loss of control region
for S-II dual control engine out by about 25 seconds. Other
vehicle changes do not cause significant difference between
“D" and "C'" mission upper stage EDS results.

Recommended EDS abort cues and 1imit settings are summarized in
Table 1-1.

Upper stage malfunctions evaluated are as follows:

Actuator hardover - updated.

Actuator to null - no change.

Loss of inertial attitude - no change.
Saturated error and rate signals - no change,
Loss of inertial velocity - updated.

S-I1 single engine-out - updated.

S-IC and S-II single engine-out - updated.
S-1I dual engine-out - updated.

Early staging - updated,

Loss of rate signal - no change.

P.U. system malfunctions - updated.
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S-I1C EDS Summary is presented in Section 3.0.
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2.0 ANALYSIS
2.1 ACTUATOR MALFUNCTIONS
2.1.1 Actuator Hardover

Reference 1 analysis of dynamics is valid for S-II and S-IVB,
Additional analysis shows that a base heating problem may exist
for an S-I1 actuator hardover inboard. Figure 1 shows the
resulting inboard pitch deflection of Engine #1 when Engine #2
is hardover inboard in the pitch plane., All other actuator
(both pitch and yaw) deflections were less than 1 degree,

Inboard deflections of Engines 1 and 2 will expose the base area
of the S-I1 to more radiation from the engine plumes. The
extent of increase heating and the effect of this i1ncrease is
not known at this time. The crew must depend on ground control
for confirmation of this condition, EDS recommendation is that
abort be initiated on ground command.

2.1.2 Actuator to Null

Reference 1 analysis is valid for S-II and S-1VB.
2.2 LOSS OF INERTIAL ATTITUDE

Reference 1 analysis is valid.

2.3 SATURATED ERROR AND RATE SIGNALS
Reference 1 analysis is valid.

2.4 LOSS OF INERTIAL VELOCITY

No abort situations occur for EPO of the "C'" mission for loss

of inertial velocity. Updated data is presented in Reference 2
for the "C'" mission. Reference 3 shows that reignition after

an X or Z accelerometer failure during boost to parking orbit
will result in atmospheric reentry. Therefore, the EDS recommen-
dation is that reignition not be attempted after an accelerometer
failure in boost to parking orbit.
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2.5 S-TI SINGLE ENGINE MALFUNCTION

For all cases of S-II single engine malfunction, parking orbit
was achieved. Adequate propellant remained at S-IVB first
cutoff for restart and second burn, Figure 2 shows S-IVB
propellant remaining at S-IVB first cutoff after an S-II single
engine malfunction.

No abort is required for a single engine failure in S-II flight
due to EDS limits, FDO limits, or loss of control,

Two periods during S-II flight present problems for single
engine failure, They are:

1) An engine failure 2 to 4 seconds prior to second plane
separation

2) An engine failure within 5 seconds of MRS.

For the first case, an engine failure 2 to 4 seconds prior to
second plane separation, collision between the interstage and a
J-2 engine bell can occur, A detailed report of this problem
is presented in Reference 4,

For the second case an extended CHI freeze will result. The
extended CHI freeze is caused by decrementing T2j by an amount
greater than At (computation cycle time) during the artificial
TAU mode. The total duration of the CHI freeze with an engine
failure at MRS is 30 seconds. The normal duration is about 12
seconds. This 18 second extension of the CHI freeze period
does not cause any guidance problem or loss of control. It
does, however, cause a small decrease in payload.

Figures 3 and 4 show the effects on guidance for a single engine
failure at MRS; Figures 5 and 6 show effects on the trajectory.
Figures 7 and 8 show control engine actuator responses for S-II
single engine failure.

2.5.1 Single Engine Failures in S-IC and S-II

Reference 7 indicates that except for Engine #1 and #4 failures
in the hi-q region and certain wind conditions, S-IC single-
engine failures do not result in loss of control. Each failure
considered separately will cause payload loss as indicated by
Figure 9 for S-IC and Figure 2 for S-II. Since dual engine
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2.5.1 (Continued)

failures have been considered in EDS analysis, the possibility
of a dual engine failure, one in S-IC and one in S-1I, does
exist and is treated here in terms of payload only. Because of
the numerous combinations of engine number and failure times
possible, a rigid analysis of performance has not been made.
However, a few representative cases have been run which might
yield some measure of performance. Figure 9 represents insertion
payload for #1 S-IC engine failures. Figure 2 represents inser-
tion payload for #2 S-II engine failures. The same performance
cases are shown on the composite Figure 10. Thus for an S-IC

#1 engine out at 100 seconds and an S-II1 #2 engine failure at
300 seconds of flight time, payload at POI, as indicated by the
composite, would be 58,000 kg. or a loss of approximately

13,700 kg. from nominal payload.

Because of trajectory, environmental and guidance effects, not
all engines will yield the same performance slopes shown for the
representative cases and the composite payload chart should be

used only as a relative indicator of performance rather than a
rule.
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2.6 DUAL ENGINE-OUT - S-I1

The spacecraft for the AS-503 C' mission is 3300 kilograms
lighter than the spacecraft used in the analysis presented in
Reference 1, The decrease in mass results from the removal

of the Lunar Module. The absence of the mass from the space-
craft shifts the vehicle center of gravity (CG) to the rear

of the vehicle. Since the CG of the vehicle at liftoff is

0.2 meters aft of the CG for the previous analysis, the region of
loss of control shown in Figure 11 is extended by 25 seconds
for upper and lower dual engine failure cases and 5 seconds for
side dual engine failures. For center and one control engine
or diametrically opposing engines the region of propellant
depletion is reduced because the vehicle is lighter and thus
has higher accelerations due to thrust. The region of failure
to achieve a 75 nautical mile orbit is changed because the
reduced moment of inertia lets the vehicle respond to the
guidance commands more rapidly. Reference 5 gives a detailed
dual engine out analysis.

The region of loss of control for sequential engine failures
can be extended as much as 60 seconds beyond the region of
control loss for simultaneous dual engine failures. Since the
location of the CG is a major factor in the controllability of
the vehicle, it follows that the reduced flowrates resulting
from an engine failure impede the forward progression of the
CG as propellant is expended. The retarded CG motion extends
the period during which a second engine failure could cause
loss of control. Thus the overall loss of control region is
extended. The extensions of the loss of control boundaries
for a dual S~II engine failure can be calculated from Figure 24
using the time of the first engine failure,

2.6.1 Summary

The controllability of the vehicle subsequent to an S-II dual
engine failure is lessened due to the vehicle CG being shifted

aft because of the 3300 kilogram reduction in the spacecraft

mass. Also, rates build up more rapidly because of smaller

moment of inertia. However, the smalier moment of inertia reduces
the region of guidance problems because the vehicle can respond
more rapidly to the guidance commands,

Immediate structural failure for dual adjacent control engines-
out (worst case) does not result for any station investigated,
but a more detailed examination is indicated for localized
stress in the engine vicinity.
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2.6.2 ITlustrations

Figure 11 shows the interval of time for which dual engine out
combinations lose control during S-II or cause IGM to be unable
to steer the S-IVB into parking orbit. Fiqures 12 and 13 show
guidance and path angle profiles respectively for a typical
loss of control case. Figures 14, 15, and 16 show guidance and
trajectory data for a dual engine failure that does not lose
control or create guidance problems. Figures 17 and 18 show
guidance and trajectory data for dual engine failure in S-II
which cause guidance problems in S-IVB. Also shown is the
result of early staging at CHI freeze + 5 seconds, Figures 19
through 22 show performance subsequent to various combinations
of S-II dual engine failures, Figure 23 shows time to initiate
early staging at CHI freeze + 5 seconds for S-II engine out,
Figure 24 shows the extension of time loss of control results
subsequent to S-II sequential dual engine failures as a func-
tion of failure time of the first engine. Figure 25 through

28 show engine actuator displacements subsequent to S-II dual
engine failures.

2.6.3 Recommendations
1) Abort: See Table 1-1.

2) Early Staging: Early staging is advantageous only in cases
where S-1I dual engine failures result in S-IVB guidance
problems. In cases where guidance problems occur in S-1VB
after a dual engine failure in S-II, an early staging can
be commanded at CHI freeze + 5 seconds, and a suitable
parking orbit can be achieved. Outside this region a loss
of payload, as shown in Figure 19, results from early
staging at CHI freeze + 5 seconds. If possible the S-II
stage should thrust until propellant depletion occurs in
order to gain as much velocity as possible.

3) 1IGM Update: Add dual engine out logic so that the guidance
scheme will be properly updated. See Reference 5,

2.7 EARLY STAGING

No early staging should be initiated prior to 350 seconds flight
time because the propellant on board the S-IVB is not sufficient

to boost the S-IVB into parking orbit. Also early staging after
a malfunction which causes rates greater than 2°/sec cannot be
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2.7 (Continued)

accomplished because of the large attitude deviations which
accumulate during the long period from staging to engine ignition.
Early staging can be used to prevent the guidance problem in S-IVB
subsequent to a dual engine failure in the S-II. The staging
should not be attempted at the time of malfunction, but rather at
CHI freeze + 5 seconds to ensure very small body rates. Even
though this action prevents failure to achieve orbit due to
guidance problems, it reduces orbital payload in all cases. The
payload in terms of remaining S-IVB burn time is shown in Figure
19 . Figure 23 shows time of CHI freeze subsequent to an engine
failure and CHI freeze biased by 5 seconds. This chart provides
the time of early staging as a function of malfunction time,.
Analysis of problems encountered by early staging from out of
control vehicle is presented in Reference 6.
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2.8 LOSS OF RATE SIGNAL
Reference 1 analysis is valid.
2.9 P.U. SYSTEM MALFUNCTIONS

The "C'" mission gives no significant change from the results
presented in Reference 1 for EPO P.U. system malfunctions.
There is a significant difference in P.U. system malfunctions
for 2nd S-IVB burn since the "C'" mission does not use an
open loop guidance scheme. Detailed 2nd burn.results of this
malfunction are given in Reference 3.
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3.0 S-IC SUMMARY

Figure29 shows the regions of possible vehicle loss for all
malfunctions studied in Reference 7 and 8. Regions of possible
crew loss for four critical malfunctions are shown in Figure 30.
The probability of vehicle loss during S-IC flight is 2650 x 10-0
The probability of crew loss during S-IC flight is 211 x 10-6,
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